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METHOD OF OBTAINING PER FLUOROSULPHONAT E POLYMERS 
CONTAINING SULPHONYL FUNCTIONAL GROUPS 



Area of the invention. 

The invention refers to obtaining perfluorate polymers that contain 
fluorosulphonyl functional groups and, especially, to a method of obtaining 
copolymers formed from tetrafluoroethylene (TFE) and a perfluorovinylic ether 
that contains the fluorosulphonyl functional group, with the latter having the 
capacity to be converted into an ion-exchange group after a series of 
treatments. 

The invention also refers to the use of polymers obtained by the method 
of the present invention to manufacture cation-exchange membranes, which are 
used in Fuel Cells, in alkaline metal electrolysis, to manufacture liquid solutions 
to produce membranes etc; and the ion-exchange membranes that contain the 
polymers obtained by the method of the present invention. 

Background 

The substrate to obtain fluorosulphonated ion-exchange membranes are 
generally perfluorate polymers, resulting from the interaction of two monomers: 
tetrafluoroethylene (TFE) and FC - 141, a polymer with structural formula: 

CF 2 = CF- O - (CF 2 -CF) w -0 - (CF 2 ) 2 : 9 S0 2 
CF 3 



To synthesize the Nation® polymer, the company DU PONT uses the 
following monomer: 

CF 2 = CF-0-CF-CF 2 -0-CF 2 -CF 2 -S0 3 F 
I 

CF 3 



Synthesis of polymers is a complex and sophisticated technical process 
that requires special equipment and facilities, production areas etc. Production 
is schematically represented in the following flow chart: 
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Regeneralion of Freon -11 3 and 
Monomer M2 



The method to obtain perfluorate polymers with fluorosulphonyl functional 
groups by copolymerization between TFE and a perfluorovinylic ether is already 
known (US patent N° 3282875, MKI 260-296, published on 01.11.66). Using 
perfluorodimethylcyclobutane as a fluorocarbonic solvent and in the presence of 
a fluorated starter radical, preferentially dinitrogen difluoride (N 2 F 2 ), at 80°C and 
a specific pressure, polymers are produced with a 0.2-5% content in 
perfluorovinylic ether with fluorosulphonyl groups, which can be used to obtain 
chemically resistant and thermally stable coatings, to manufacture fluorated 
membranes and as super-acid catalysts. 



The drawbacks of this method are: 



- The relatively high coploymerization temperature (80°), which leads to 
the creation of a low molecular weight polymer and increases the risk of 
the polymerization process exploding. 

- The impossibility to manufacture products (films, fibers, etc.) with high 
values of mechanical properties, owing to the low molecular mass of the 
polymer. 
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- The lack of uniformity in the composition of the polymer obtained. 

The method to obtain fluorocarbonate polymers that contain fluorosulphonyl 
functional groups by copolymerization of TFE and the perfluorovinylic ether of 
5 structural formula 

CF 2 = CF-0-CF 2 -CF-0-CF 2 -CF 2 -S0 2 F 



is also known (Federal Russian patent N° 2138515, MPK C08 214/26, C08 S 

10 5/22, published on 27.09.99). 

The reaction is carried out in the presence of a hydroperoxide type fluorated 
starter, such as perfluoropropionylperoxide, working at a temperature of 
between 0 and 20° C and with addition of TFE, until 12% of the perfluorovinylic 
molecules are converted into fluorated copolymers of which resistant films can 

15 be obtained with good physicomechanical properties. 

The drawbacks of this method are: 

• Low conversion of the perfluorovinylic ether monomer (12%), which 
20 reduces the productivity of the process and increases the recovery costs 

of the monomer. 

• Reduced speed of the process, because this is done at a polymerization 
temperature of 0-20 °C, when the starter, perfluoropropionylperoxide 
(the only one described in Russian patent N° 2138515) has a 

25 decomposition temperature of 40-50°C. 

• Insufficient thermal stability of the polymer, since the terminal groups 
C 2 F 5 COO" created during the decomposition of the starter are, in turn, 
decomposed at a temperature of around 10-20°C below the melting 
point, therefore, reducing its quality. 

30 

The method of obtaining the perfluorate polymer by copolymerization of 
TFE and of the perfluorate monomer that contains the fluorosulphonyl group in 
the lateral chain of the perfluorovinylic ether, in an aqueous emulsion and in the 
presence of a starter of radicalic polymerization is well known (Russian patent 
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N° 1233804 C09F 214/26 C08 S 5/22, published on 23.05.86) where, 
preferably, a potassium, sodium or ammonium persulphate buffer solution is 
used, and as an accelerator of the reaction copper sulphate is used and a 
fluorated surfactant compound (ammonium perfluoroctanate) at a temperature 
5 of 40°C. The pressure of TFE is controlled so as to ensure a uniform 

copolymerization rate. The following is used as perfluorovinylic ether: 



CF 2 =CF-0-(CF 2 -CF-0) n -(CF 2 ) 3 -S0 2 F 

I 

CF 3 



10 

Where n = 0 or 1 



The ratio of the TFE monomers to the perfluorovinylic ether in the 
copolymer ranges from 6.0 to 8.9. The polymer obtained is hydrolyzed to confer 

15 it ion-exchange potential (terminal S0 3 Me are obtained, where Me is an alkaline 

metal). With the method of the Russian patent N° 1233804 perfluorate polymers 
can be obtained with an ion exchange potential of 0.72 to 1.08 mg- 
equivalents/g, corresponding to an equivalent mass of 926-1389. The polymers 
obtained are useful to obtain membranes that are used in electrolytic processes 

20 especially in the electrolysis of alkaline chlorides. 

The drawbacks of the method of the Russian patent N° 1233804 are: 

• Presence in the polymer obtained of additives provided by the 
emulsifying agent used in the synthesis of copper sulphate and the 

25 presence of unstable terminal sulphate groups, whether these be 

potassium, sodium or ammonium sulphate. These factors impair the 
thermal stability and the solubility of the polymer. 

• Difficulty to regulate the properties of the polymer obtained, due to its 
composition, such as the molecular mass, the crystallinity index, the 

30 density etc., since, according to this patent, the properties of the polymer 

can only be regulated by changing the concentration of the reagents (see 
examples 1 and 4 of the description of the cited patent). 

• Limited areas of application of the patent because, owing to its high 
molecular mass, it is impossible to obtain products from these polymers 
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with reduced thickness (less than 100 jam) as films, hollow fibers etc., 
since one property associated with the molecular mass is the Melt Flow 
Index, MFI, that is equivalent to 0.2 g/10 min. at 275° C. Moreover, it is 
impossible to obtain solutions with high polymer concentrations (more 
5 than 5% in mass) in solvents (isopropanol, ethanol, dimethylformamide, 

butanol, etc.) to be used to manufacture membranes with a thickness of 
30-100 jam, hollow fibers (with a wall thickness of 20-100 ^m), 
impregnated paper, fabrics etc. 

10 The most similar method to the one followed in this invention is the one 

described in the Russian patent N° 721006 (MPK C08F 8/32, published on 
05.03.1980) according to which the perfluorocarbonated polymers with 
fluorosulphonyl functional groups are synthesized by copolymerization between 
a fluorated ethylene, preferentially tetrafluoroethylene and a simple 

15 perfluorovinylic ether, that contains the fluorosulphonyl group, in an organic 

solvent that contains fluoride, for example 1,1,2-trichloro-1,2,2-trifIuorethane 
(freon-113), perfluoromethylcyclohexane, perfluorodimethylcyclobutane, at a 
temperature of 45°C and a pressure of 3-7 kg/cm 2 that is maintained by a 
continual additional input of TFE in the copolymerization process (see examples 

20 1 and 3 of the description of Russian patent N° 721006). For the perfluorovinylic 

ether with fluorosulphonyl groups, ethers with the following structural formulae 
are used: 



FS0 2 -CF 2 -CF2-0-CF=CF 2 



25 



FS0 2 -CF 2 -CF 2 -0-CF-CF 2 -0-CF=CF 2 
CF 3 



FS0 2 -CF 2 -CF 2 -0-CF-CF 2 -0-CF-CF 2 -0-CF=CF 2 



I i 
CF 3 CF 3 



30 



FS0 2 -CF 2 -CF 2 -0-CF-CF 2 -0-CF=CF 2 



CF 2 -OCF 3 
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The polymer obtained is hydrolyzed to transform the fluorosulphonyl 
groups into groups capable of cation-exchange. 

Depending on the pressure of TFE created, polymers with an exchange 
capacity (EC) of 0.68; 0.74 and 0.91 mg-equiv./g. are produced. It is preferable 
to use polymers with an EM=1 000-1 500. The physicomechanical properties of 
the polymers obtained such as the melt flow index (MFI), mean molecular mass 

in mass (M w ), mean molecular mass in number (M n ), the M w /M n ratio, 
crystallinity index or the density are not specified in the said patent. 

The method described in Russian patent N° 721006 can be used to 
obtain polymers of value to manufacture membranes used in electrolytic 
processes of alkaline chlorides and in the electrolysis of halogenated aqueous 
solutions of alkaline metals, since the membranes obtained from this polymer 
have acceptable mechanical properties and a low electrical resistance. 

Some of the drawbacks of this patent are: 

• The limited area of application of the polymers obtained, owing to the 
difficulty to manufacture products with reduced thickness (less than 80 
lim), such as films, hollow fibers etc., and the impossibility to obtain 
solutions with concentrations of 5% in mass in organic solvents 
(isopropanol, ethanol, dimethylformamide, acetone, methylpyrrolidone, 
etc.). 

• According to our experiments, polymeric properties such as molecular 
mass and the ratio between the molecular mass and the mean molar 
mass in number, reflect that these are unsuitable for application in the 
manufacture of membranes for fuel cells and for the manufacture of 
polymeric solutions in concentrations higher than 5%. 

• The polymer with a EC = 0.71 mg.equivalents/g has a crystallinity index 
of 22 % and a density of 0.997 g/cm 3 . That of EC = 0.91 has one of 12% 
and 0.898 and that of EC = 0.80, one of 19% and 0.993 respectively. 

• As our experiments show, it is frequent that the polymer obtained 
contains fractions with a high molecular mass (IFF=0.2-8 g/10 min.), an 
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excessively high crystallinity index (12-22%) and a density of 0.989- 
0.997 g/cm 3 , which makes it difficult to choose the appropriate extrusion 
temperature and reduce the productivity of the process followed to obtain 
products with reduced thicknesses. Similarly, it prevents the polymer 
5 from dissolving in concentrations above 5% in organic solvents. 

• Regulation of the properties, such as M w , the ratio M w /M n of the 
polymer obtained, is very difficult since in the process used to obtain the 
patent, this regulation is only possible by changing the concentration of 
the starter, the sulphonomer concentration, or the pressure at which the 

10 TFE is introduced. 

• The polymer obtained has a low thermal and chemical stability, due to 
the presence of terminal groups C 2 F 5 COO" that are thermally and 
chemically unstable. These groups are formed in large quantities in the 
breakdown of perfluoropropionylperoxide, used as a starter of 

15 polymerization. 

Description of the invention 

The polymers with fluorosulphonyl functional groups are obtained by the 
20 method described in this invention, which consists of a method of obtaining 

perfluorocarbonate polymers that contain fluorosulphonyl functional groups and 
that respond to structural formula (I): 

-[CF 2 -CF 2 ]m-[CF 2 -CF]n 

<L[CF 2 -CF-0]k- [CF 2 ]i -S0 2 F 

I 

CF 3 

25 

(I) 

that consists in a radical copolymerization between tetrafluoroethylene and a 
perfluorovinylic ether in a fluorated organic solvent medium, in the presence of 
30 a radical type starter and with additional input of tetrafluoroethylene during the 

copolymerization process, characterized because before starting the 
copolymerization reaction, a previously synthesized dispersion of the 
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tetrafluoroethylene copolymer and perfluorovinylic ether in an organic solvent is 
introduced. 

The composition and properties of the polymers obtained are defined by 
5 the ratio between the monomers used and by the synthesis conditions. 

The perfluorovinylic ether used in the synthesis is preferably [4-methyl- 
3,6-dioxa-7-octene-1-fluorosulphonyl] (FC-141) perfluoride, which has the 
following formula: 

10 

CF=CF-0-CF 2 -CF-0-CF 2 -CF 2 -S0 2 F 
CF 3 

Properties of the monomers: 

15 



Characteristics 


TFE 




Appearance 


Gas 


Transparent and 
odorless liquid 


Content 


>yy.ya % m volume 


>yy.y % m 
volume 


Molecular mass 


1UU 


446 


Boiling point 




134 U C 



25 

Synthesis of the fluorated polymer is a complex process that is only 
possible in one of the formation steps of TFE ? and in the formation of other 
fluoro-organic and fluoropolymer unions. 

30 

The most important drawback in manufacture of the polymer is synthesis 
of the FC-141 monomer. The synthesis requires special equipment including 
rectification columns connected to vacuum. The main components during 
synthesis are: TFE, hexafluorethylene and oleum (fuming sulphuric acid). 
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Synthesis is only possible at the site of TFE production since this cannot be 
transported. The FC-141 is stored in tanks made of a special material. 
Approximately, 1 Tn of monomer FC-141 is consumed per ton of polymer. 

5 The TFE requires a special synthesis since it is a gaseous and explosive 

compound that cannot be transported. Immediately after its manufacture it must 
be used or stored in special conditions. The use of TFE requires temperatures 
of up to -40°C. TFE consumption is higher than 8 Tn per 1 Tn of polymer. 



10 Separation of the excess TFE after synthesis requires special purification 

equipment as well as a furnace to burn it if it cannot be reused. 

The technological process that constitutes the objective of the invention 
guarantees that perfluorosulphocationic polymers can be obtained from 
15 fluorosulphonyl functional groups, with a series of properties (molecular weight, 

crystallinity index, density, etc.), which are kept constant, with a high thermal 
stability, which can be transformed into different products and that have the 
following properties: 

20 > Appearance White or light 

grey granules or 
powder 

> Melt Flow Index (MFI) g/10 min. 2-50 

> Volatile (% in mass) Less than 0.1 
25 > Exchange capacity (mg. 0.65 - 1.1 

Equivalents/g . ) 



30 The polymer is synthesized in a special reactor located in a shielded 

cabin. The reactor, which has a stirring device and a special steel jacket, is 
designed to work at pressures of up to 100 kg/cm 2 and has regulation and 
control devices. 



35 



The polymer is treated in the following steps: 
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• Extraction by distillation with monomer FC-141 and Freon 113, 

• Drying of the polymer using special dryers. 

• And, if necessary, dispersion. 

Uptake of Freon 1 1 3 is higher than 3 Tn per Tn of polymer. 

The FC-141 and Freon 113 recovery equipment includes a rectification 
column under vacuum. 

The process to obtain perfluorosulphocationic polymers containing 
fluorosulphonyl groups, is performed by copolymerization of the 
tetrafluoroethylene polymer with the perfluorovinylic ether, the monomer that 
contains the fluorosulphonyl functional group, in fluorated organic medium in the 
presence of a radical type starter and with additional input of tetrafluoroethylene 
during the copolymerization process, characterized because before starting the 
copolymerization reaction a previously synthesized dispersion of the 
tetrafluoroethylene copolymer and perfluorovinylic ether is introduced in an 
organic solvent. 

The organic solvent is preferably a perfluorate organic solvent and even 
more preferably 1 ,1 ,2-trichloro-1 ,2,2-trifluoroethane (freon-113). 

The radical type starter is, preferably, a fluorated peroxide and, more 
preferably, perfluorocyclohexanoyl peroxide or perfluoropropionyl peroxide. 

The polymers obtained have the following structural formula: 

-[CF 2 -CF 2 ]m-[CF 2 -CF]n 

0-[CF 2 -CF-0]k- [CFJi -S0 2 F 

I 

CF 3 

Where n = 4-16.5 % mol 
m = 83.5 - 96 % mol 
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In practice, fluorated polymers are used with i=2 and k= 1. 

Reaction mechanism: 

The polymer is obtained by gradually adding monomeric TFE (M1) to the 
perfluorovinylic monomer (M2) in the presence of a radical type starter. This is 
a radicalic mechanism that has the following steps: 

1. Decomposition of the starter 

R R* (* radical or free electrons) 

i) T (°C) 

2. Start 

R* + M1 ► R-M1 * 

ii)T (°C), Pressure (atm) 



3. Growth of chain 

R-M1* + nM1 ► R-(M1) n -M1* 

iii)T(°C), Pressure (atm) 



R-(M 1 ) n -M 1 * + M2 ► R-(M 1 ) n+ i-M2* 

iv)T(°C), Pressure (atm) 

4.End of chain 



R-(M1 ) n+1 -M2* + m(M1 ) ► R(M1 ) n+ i -M2-(M1 ) m 

vi)T (°C), Pressure (atm) 
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By changing the correlation of monomers, type of starters, process 
temperatures, pressure and other parameters, polymers with different 
proportions of "n" and "m" can be obtained. 



Perfluorosulphopolymer is obtained by a continuous process that is 
carried out in a polymerizer reactor with stirring, cooling and heating devices. 



The process followed to obtain the polymer is based on copolymerization 
of the suspension of M1 and M2, in a fluorated solvent and consists of the 
following steps: 



• Preparation of the initial compounds. 

• Loading the compounds. 

• Copolymerization. 

• Separation of the polymer. 

• Washing the polymer. 

• Drying the polymer. 
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Fig. Diagram of the process. 



In organic solvent, with the action of a radicalic type starter (e.g. a 
perfluorate peroxide), TFE is gradually added to the reactor during the process 
in order to maintain a constant preestablished pressure of copolymerization. 
Before starting the copolymerization, a dispersion of the copolymer of TFE and 
perfluorovinylic ether is added, preferably with a concentration of between 15 
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and 20% in a perfluorated organic solvent. The proportion of this dispersion 
relative to the total reagent is, preferably, between 0.03 and 0.06 %. 

Perfluorocyclohexanoyl (PFCHP) can be used as perfluorate peroxide, 
preferably at a temperature of 30-32°C and a pressure of 2.0-3.5 Mpa, or 
perfluoropropionyl peroxide (PFPP), preferably at a temperature of 70-80°C and 
a pressure of 9-14 MPa. Other perfluorate peroxides can also be used. 

One of the most important characteristics of the invention is that, before 
starting the process of copolymerization of TFE with the perfluorovinylic ether in 
an organic solvent, a dispersion of the copolymer is added. This dispersion 
operates as a regulator of molecular mass. Addition of the dispersion of the 
TFE-perfluorovinylic ether is preferably carried out in a proportion of above 
0.03%, since the properties of the polymer obtained are not noticeably different 
from the properties of the polymer obtained when this is not used. It is not 
advisable to add more than 0.06 %, since the quality of the polymer does not 
improve and the uptake of the dispersion increases. 

In the same synthesis conditions, other polymers with a different 
molecular weight can be obtained, depending on the amount of dispersion 
introduced. Because of this, following the method of the present invention, the 
polymers synthesized will have optimum values of molecular mass, mean 
molecular mass in number and mean molecular mass in weight, depending on 
their future use, whether this be their transformation into membranes or other 
forms or to obtain solutions of the polymers in organic polar solvents or in 
mixtures of polar and non-polar organic solvents. Depending on the objectives, 
polymers can be obtained in EM ranges of 950-1500 with optimum physical and 
physicochemical properties such as those indicated below: 

• M W =10,M W /M n =1.1-1.4 

• IFF=7-30 g/10 min. 

• Crystallinity index (7-20%). 

• Resistance to membrane rupture with thicknesses of 50-220 jam is 
around 8-25 Mpa. 

• The polymer has a uniform composition in the membranes obtained. 
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As mentioned previously, PFCHP, PFPP and other perfluorate peroxides 
can be used. Use of these peroxides is indicated, for example, when polymer 
TFE is obtained with hexafluoropropylene or polymer TFE with 
perfluoropropylvinylic ether. The copolymerization temperature is determined by 
the type of monomers used and can range from 30 to 80° C. The 
copolymerization temperature, created and maintained by input of TFE, is 
established in relation to the type of starter used and the composition of the 
polymer desired (the higher the TFE pressure corresponds to higher proportions 
of TFE in the polymer). Before starting the process, perfiuorovinylic ether, 
monomeric TFE and the fluoro-organic solvent in which the perfluoroperoxide is 
dissolved, are added to the prepared reactor followed by addition of the 
estimated amount of dispersion. 

The working pressure during the reaction process is maintained via a 
continuous input of TFE, without permitting the pressure to drop more than 0.2- 
0.5 atm after each input step. At the end of the process, the copolymer, the 
TFE-perfluorovinylic ether preparation as a dispersion and the unre'acted 
perfiuorovinylic ether are discharged from the reactor. The conversion rate of 
perfiuorovinylic ether to copolymer is 40%. 

The processing plant to obtain the perfluorate polymer has the following 
equipment: 

• Polymerizer reactor equipped with stainless steel stirring, cooling and 
heating devices, with the capacity to operate at pressures of up to 100 
atm. 

© Equipment to eliminate the solvent and residual monomer M2. 

• Equipment to recover the solvent. 

• Rectifier equipment to recover the residual monomer M2 

• Equipment to uptake residual monomer M1 . 

• Drier. 



Detailed description of the preferred production process of the polymer 
of the invention 
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1. Loading the compounds and polymerization 

With the stirrer in operation, the solvent is loaded (Freon 113) and the 
perfluoride monomer M2 [4-methyl-3 f 6-dioxa-7-octene-1-fluorosulphonyl], is 
cooled and a vacuum is applied to achieve a pressure of 20-30 mm Hg. Then, 
the first amount of M1 (TFE) is introduced. After loading, this is heated to a 
temperature of between 30-80°C and more monomer M1 is added until a 
pressure of 3-4 atm. is reached. The starter solution is introduced dropwise in 
the solvent. After loading, the dropper is washed twice with solvent, adding this 
to the reactor. After loading the starter, monomer M1 is introduced until a 
pressure of 3 to 12 atm. is achieved depending on the molecular mass of the 
polymer to be obtained. The introduction of TFE is fractionated depending on 
the drop in pressure, that should remain in the range of 0.05 - 0.55 atm. At the 
end of the process, this gradually decreases to reach 2.5 - 1 1.7 atm. 

Before the copolymerization process, together with the solvent and 
monomer M2, a dispersion is introduced with a concentration of between 15 
and 20%, previously synthesized in a perfluorated organic solvent, of 
copolymer M1 and M2 in a proportion of 0.03 to 0.06 % relative to the liquid 
reaction mass. 

The polymerization time is from 15-35 hours. 

2. Separation of the polymer 

After all the preestablished amount of monomer (M1) has been added, 
the reactor is cooled to 10-15° C. The TFE that has not reacted is sent to the 
gas analyzer stirring constantly. After, the solvent is separated off and this is 
heated to 40-80°C. This is then connected to a vacuum and a pressure of 40 
mm of Hg is applied, separating the M2 that has not reacted. All the separated 
substances are sent for stripping and stored in collectors to be used later. The 
remaining polymer is washed several times (4-6) with solvent to completely 
rinse off the monomer (the residual content of monomers in the copolymer must 
be less than 0.002% in weight). 
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3. Drvina the polvmer: 

After purifying the polymer, the reactor is unloaded on a tray and taken 
for drying. The polymer is dried in a drying chamber at a temperature between 
5 40 and 90° C. The polymer, arranged in thin layers, dries in 16-40 hours. 



Safety measures for protection at work. 



The process followed to obtain the perfluorate polymer has a risk of 
10 explosion and a series of precautions must be taken: 



• Use of antideflagrant equipment. 

• Location of the reactor - polymerizer in a reinforced cubicle 

• Safety valve. 

15 • Microprocessed control of the reaction parameters. 

• Careful control of the cubicle atmosphere. 

• Automatic emergency ventilation 

• Fire safety equipment 

• Personal safety equipment. 

20 

Example I 
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Synthesis of the polymer in the laboratory. 

The following are added to a 1 .3 I stainless steel reactor. 



• 650 g. of Freon - 113 

• 338 g perfluorovinylic ether 

• 0.52 g of perfluorocyclohexanoyl peroxide in a 10% solution in Freon 
113. 

30 • 108 grams TFE 



The reactor contains Freon-113, together with all the perfluorovinylic 
ether and the starter solution. This is cooled to -30° C, and a vacuum is applied 
to achieve a residual pressure of 1 mm Hg. While stirring constantly, 44 g 
35 tetrafluoroethylene is added (TFE). 
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The reactor is then heated to 32°C and 64g of TFE is added gradually. 

The polymerization process is maintained at a pressure of 2.9 atm. 
reduced gradually to 2.5 atm. 

After finishing the process, the reactor is cooled to + 15°C, and the 
unreacted TFE is eliminated. The mixture is unloaded from the reactor and then 
the unreacted ether and Freon - 1 13 are extracted by distillation. 

The polymer obtained is washed with Freon-113 and dried to + 80°C 
under vacuum. 

A total of 174 g of polymer of equivalent mass (EM)= 1 130 are obtained. 

The polymer obtained is treated with alkali and acid to achieve the 
desired properties. 

ALKALINE TREATMENT OF THE POLYMER 

The treatment process includes the following steps: 

• Alkaline treatment of the polymer; 

• Rinsing the polymer with water; 

• Drying and packaging the polymer. 

Alkaline treatment of the polymer. 

A solution is prepared of between 5 and 20% of sodium hydroxide 
(potassium or lithium hydroxide can also be used). This is introduced in the 
reactor and the stirring and cooling mechanisms are activated. The polymer is 
added. 

This treatment transforms the fluorosulphonyl groups of the polymer into 
ion exchange groups (MeS0 3 - , where Me = Na, K, Li, etc.) The process must 
be carried out at a constant temperature. 



18 

Rinsing the polymer in water 

After alkaline treatment of the polymer, this is cooled and its contents 
5 sent to a Buchner filter where the alkaline solution is separated from the 

polymer powder. In the Buchner filter, the powder is washed with distilled water 
and drained. After, it is stored in a stainless steel tank. 

Drying and packaging of the polymer 

10 

After drying the polymer, the polymer powder is desiccated in 
CAPARONE bags (caprolactam bags) and kept at a suitable temperature for a 
specific period of time. The powder, after drying, is kept in polythene bags for 
future treatments. 

15 

ACID TREATMENT OF THE POLYMER 

Acid treatment of the polymer includes the following operations: 

20 • Treatment of the polymer with the acid. 

• Washing the polymer in water. 

• . Drying. 

• Packaging the polymer. 

25 Acid treatment of the polymer 

An acid solution is prepared (hydrochloric or nitric acid of between 5 and 
20%). This is introduced in the reactor and the stirring and cooling mechanisms 
are activated. The polymer is introduced. This treatment transforms the MeS0 3 - 
30 groups (where Me = Na, K, Li, etc) into HS0 3 groups. The process must be 

carried out at constant temperature. 

Washing the polymer in water 
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After treating the polymer in acid, the reactor is cooled and its contents 
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are sent to a Buchner filter where the acid solution is separated from the 
polymer powder. In the Buchner filter, the powder is washed with distilled water, 
drained and kept in a stainless steel container. 

Drying and packaging the polymer. 

After drying the polymer, the powder is dried in CAPRONE bags and kept 
at a suitable temperature for an appropriate period of time. The dried powder is 
kept in polythene bags for later treatments. 



